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Abstract Objective: To study the prevalence of lower
urinary tract symptoms (LUTS) and incontinence in late-
onset Pompe disease (LOPD)

Methods: Adult LOPD patients seen at the Duke Pompe
Clinic were prospectively recruited and asked to complete
validated questionnaires on LUTS and incontinence as part
of an IRB-approved study. Patient demographics as well as
previous urologic history were reviewed.

Results: 35 patients with LOPD were included in the
study (17 males and 18 females). The median age was 51.8
(range 18–72 years of age). Of these patients, 27/35 were
receiving enzyme replacement therapy (ERT) with median
duration of 54 months (range 5–88 months). In the male
patients, 9/17 (53%) described their stream as dribbling,
weak, or intermittent, and 9/17 (53%) complained of post-
void dribbling. In addition 38% of the men were unable to
stop their urination midstream. In the female patients, the
most common complaint was urinary incontinence,
reported in 14/18 (78%). In addition, 7/18 (39%) com-

plained of post-void dribbling, and 47% were unable to
stop their urination midstream. Bowel incontinence was
reported in 45% of patients. There was a significant
association between urinary symptoms and lower extremity
function scores and duration of ERT (p ¼ 0.005 and
p ¼ 0.04, respectively)

Conclusions: This is the first study in a large cohort of
LOPD patients that demonstrates LUTS and incontinence
occur at a high rate. This study emphasizes the spectrum of
LOPD is beyond isolated gross motor and pulmonary
involvement and has a significant effect on the lower
urinary tract.

Introduction

Pompe disease (glycogen storage disease type II) is an
autosomal recessive disorder caused by mutations in the
gene that encodes alpha-1,4-glucosidase (GAA). The
incidence of Pompe disease across the disease spectrum
has been reported to be 1 in 40,000 (Martiniuk et al. 1998).
Late-onset Pompe disease (LOPD) can present anytime
from after the first year of life to as late as the sixth decade,
with considerable phenotypic heterogeneity. The most
common complaints are progressive weakness in a limb-
girdle distribution and up to 30% may present with
respiratory issues (Hagemans et al. 2005).

Glycogen accumulation within the skeletal muscles as
well as the organs containing the smooth muscle (the
bladder, intestine, and esophagus) has been demonstrated in
autopsy reports (Hobson-Webb et al. 2012). These findings
support the various clinical symptoms of the disease seen in
this population such as urinary and fecal incontinence,
dysphagia, gastroesophageal reflux, and gastrointestinal
dysmotility. Urinary incontinence has been previously
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described in other neuromuscular and neurological disor-
ders but has not yet been studied within the LOPD
population (van der Walt et al. 1987; Kobayashi et al.
2010; Fidzianska et al. 2011). There are case reports that
look at incontinence, mainly fecal incontinence, with
relationship to enzyme replacement therapy (ERT)
(Remiche et al. 2012).

The goal of this study was to systematically collect
validated patient questionnaires that evaluated lower uri-
nary tract symptoms (LUTS), urinary and fecal inconti-
nence, as well as patient demographics and disease severity
to better understand the prevalence of LUTS and inconti-
nence within this population. We hypothesized that the
glycogen accumulation in this disease process has a
deleterious effect on urinary function in adults with LOPD.

Methods

Patient Population

Adult patients with LOPD seen as a part of the Duke
Pompe Clinic at Duke University Medical Center were
asked to fill out validated questionnaires on LUTS and
incontinence. This study was IRB approved, and all
patients signed consent prior to data collection.

Questionnaire Details

The following questionnaires were given to each patient
according to gender: (1) Male/Female Incontinence Impact
Questionnaire, (2) Male/Female Urogenital Distress Inven-
tory, and (3) AUASS (American Urologic Association
Symptom Score and Quality of Life). These are validated
questionnaires used in the urology and urogynecology
literature to evaluate lower urinary tract symptoms and
urinary incontinence as well as bother scores. These
questionnaires focus on frequency and description of
urination, stress and urgency incontinence, and other
associated symptoms. They also address impact of urinary
symptoms on activities and quality of life. There are
questions that ask about previous urologic and incontinence
history as well as relevant medications used for LUTS and
incontinence. To address other etiologies of bladder
complaints, questions were added that assessed urinary
tract infections, number of infections, and presence of
hematuria. In addition to bladder function, these question-
naires obtain data on bowel function, including the
presence of constipation or diarrhea, pain with bowel
movements, and problems with losing gas, loss of loose
or solid stool, and number of episodes per week.

Medical records of all patients were reviewed for patient
demographics, including age and gender as well as urologic
history. With regard to Pompe disease status, we reviewed
the age at onset of LOPD, the disease duration, treatment
with ERT or not, and ERT duration. In order to analyze
functional status with respect to urinary continence, the 6-
minute walk test (6MWT) results were reviewed for each
patient as well as the use of ambulatory assistive devices
and upper and lower extremity functional scores rated by a
licensed physical therapist (LC) (Personius et al. 1994;
Laboratories 2002). We determined pulmonary status of
patients by their current use of BIPAP.

Statistical Analysis

We used descriptive statistics to define the study popula-
tion. Bivariate associations between potentially important
clinical factors and the presence of urinary symptoms were
evaluated by using Mann–Whitney test for continuous
variables and Fisher’s exact test for binary variables, and
statistical significance was set at p < 0.05 on two-tailed
analysis (GraphPad Prism 6®).

Results

A total of 35 adult patients seen at the Duke Pompe Clinic
completed the validated questionnaires in the period April
2012–July 2013. Only three patients with LOPD seen at
our clinic did not consent to the study and were not
included. Demographics and disease characteristics by
gender are presented in Table 1. Of the 35 patients, 17
were male and 18 were female. For the overall cohort, the
median age was 51.8 years of age (range 18–72 years old),
the median duration of disease was 69.6 months (range
1–244 months), 77% were on ERT, and median duration of
ERT was 54 months (range 5–88 months).

In our adult LOPD cohort, 23/35 (65.7%) reported at
least one lower urinary tract symptom on the question-
naires. The most frequently mentioned symptoms were
urinary incontinence, weak stream, post-void dribbling, and
inability to stop urinary stream. The symptoms varied by
gender. These results of the questionnaires by gender are
shown in Table 2. Males were more likely to report weak
stream, post-void dribbling, and inability to stop stream.
Females were more likely to report urinary incontinence
and fecal incontinence. For the overall cohort, 14/35 (40%)
reported weak stream, 16/35 (45.7%) reported post-void
dribbling, 12/28 (42.9%) reported inability to stop urinary
stream, 19/35 (54%) reported urinary incontinence, 8/35
(22.9%) reported incomplete emptying, and 14/31 (45.2%)
reported fecal incontinence. There were no patients in our
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cohort that reported hematuria, and only one patient
reported pain with urination. Bladder infections were
reported in 5/35 (14.2%) with an average of 2.4 infec-
tions/year. Only one patient was on an anticholinergic
medication for lower urinary tract symptoms, and no
patients reported any surgery related to urinary symptoms.
While obstetric history was not obtained, no female patients
reported vaginal symptoms. When asked about quality-of-
life parameters, 15/35 (42.9%) reported frustration, interfer-
ence with activities, or overall bother from their urinary
symptoms.

On bivariate analysis, factors significantly associated
with lower urinary tract symptoms included the following:
duration of ERT (p ¼ 0.04), lower extremity functional

scores (p ¼ 0.005), and the 6MWT (p ¼ 0.003). Age,
gender, duration of disease, treatment with ERT vs. not on
ERT, the use of ambulatory assistance device, and the use
of BIPAP were not significantly associated with urinary
symptoms on bivariate analysis. The odds ratio of having
bowel incontinence in patients with bladder incontinence
was 4.1 (95% CI 0.8–20.3, p ¼ 0.07). See Table 3.

Discussion

In our cohort, LUTS and urinary and fecal incontinence
were seen in a large percentage of adult LOPD patients.
Age, gender, duration of disease, treatment with ERT, need

Table 1 Demographic characteristics of cohort by gender

Characteristics Male (N ¼ 17) Female (N ¼ 18)

Age in years, median (IQR) 50 (20.8) 53.3 (14.2)

Duration of disease, months median (IQR) 54 (68.4) 82.8 (172.8)

ERT, N (%) 16 (94) 11 (61)

Duration of ERT, months median (IQR) 39.6 (44.4) 61.2 (48)

Ambulatory assistance, N (%) 6 (35) 12 (67)

Upper extremity functional score, N (%)

1 12 (71) 13 (72)

2 2 (12) 3 (17)

3 2 (12) 1 (5.5)

Missing 1 1

Lower extremity functional score, N (%)

1 9 (53) 4 (22)

2 5 (29) 4 (22)

3 0 (0) 4 (22)

6 2 (12) 5 (28)

Missing 1 1

6 MWT in meters median (IQR) 410.8 (111.4) 320.2 (175.2)

Use of Bipap, N (%) 11 (64.7) 5 (27.8)

Table 2 Results from questionnaire by gender

Questionnaire results Male, N (%) Female, N (%)

Weak, intermittent, dribbling urinary stream 9/17 (53) 5/18 (28)

Post-void dribbling 9/17 (53) 7/18 (39)

Inability to stop stream 5/13 (38) 7/15 (47)

Urinary incontinence 5/17 (29) 14/18 (78)

Stress 0 (0) 4 (28.6)

Urge 5 (100) 6 (42.8)

Both 0 (0) 4 (28.6)

Fecal incontinence (loose stool at least 2 times/week) 3/16 (19) 11/15 (73)

QOL: frustration, interference with daily activities, overall bother 7/17 (41) 8/18 (44)

JIMD Reports 7



for ambulatory assistance, and the use of BIPAP were not
significantly associated with the presence of these symp-
toms. However, duration of ERT treatment, lower extremity
functional scores, and the 6MWT were significantly
associated with symptoms, and patients with bladder
incontinence had higher odds of having bowel inconti-
nence.

To date, there has only been one other study looking at
urinary incontinence in this patient population. Remiche
et al. described five patients, four of which had fecal
incontinence and one that had both urinary and fecal
incontinence. In their study, they concluded that patients
with LOPD had a higher prevalence of incontinence and
that there may be improvement with ERT (Remiche et al.
2012). Our study findings expand the knowledge of the
prevalence of urinary symptoms as our data indicates a high
prevalence of symptoms across all ages and stages of
disease.

The prevalence of urinary incontinence in our cohort
was much higher and occurred at a younger age than in the
general population. In healthy men, urinary incontinence
has been reported in 17% of the population with the
prevalence being lowest in men under 69 years of age
(11%) and highest in men older than 85 (31%) (Anger et al.
2006). In our study, all five of the men (29.4%) that
reported urinary incontinence were 62 years old or younger.
Other studies show prevalence of female incontinence to
range from 15 to 50% within the community (Minassian
et al. 2003; Wallner et al. 2009; Cameron et al. 2013;
Matthews et al. 2013). The incontinence rate in our
population was much higher at 78%. Lower urinary tract

symptoms (LUTS) are also seen at much lower rates within
the community compared to our LOPD population. A large
population-based study reported the 5-year incidence of
LUTS to be 11.4% (8.5% in men and 13.9% in women) and
a prevalence of 20% (Maserejian et al. 2013a, b). In our
cohort we saw a prevalence of 52.9% in the men and 77.8%
in women. Fecal incontinence has also been shown within
the population to have a low prevalence of 4–25%(Halland
et al. 2013; Matthews et al. 2013). The prevalence of fecal
incontinence in the adult LOPD cohort was much higher at
45.2% overall and 73% when we look just at the females.

Our results indicate that this problem is significantly
underdiagnosed and possibly undertreated in this popula-
tion. The difference in urinary symptoms between genders
can be explained by the anatomy of the urinary tract. More
men have post-void dribbling and weak stream secondary
to the length of the urethra and the involvement of the
bulbospongiosus muscle in voiding. There is also the issue
of the prostatic enlargement that may lead to urinary
symptoms. Women, in general, have higher rates of urinary
incontinence and have both stress and urge incontinence as
they age, related to the pelvic floor inadequacy. In our
group we looked at age and prevalence of urinary
symptoms, and this did not differ between those older than
50 years of age and younger than 50.

While this study cannot answer the question of patho-
physiology of LUTS and incontinence, we hypothesize that
these symptoms are most likely related to the underlying
disease process of glycogen deposition in the skeletal and
smooth muscles. Autopsy reports have shown glycogen
deposition within the smooth muscle of bladder

Table 3 Bivariate association of clinical characteristics and urinary symptoms

Characteristics No urinary symptoms (N ¼ 12) Urinary symptoms (N ¼ 23) p-value

Age

<50 8 (66.7) 7 (30.4) 0.07a

�50 4 (33.3) 16 (69.6)

Gender, N (%)

Male 8 (66.7) 9 (39.1) 0.16a

Female 4 (33.3) 14 (60.9)

Duration of disease in months, median (IQR) 37.5 (97.5) 87 (111) 0.38b

Use of ERT, N (%) 11 (91.7) 16 (69.6) 0.22a

Duration of ERT in months, median (IQR) 33 (31) 59 (42) 0.04b

Use of ambulatory assistance, N (%) 3 (25) 15 (65.2) 0.07a

LE functional scores �3 0 (0) 11 (47.8) 0.005a

6 MWT in meters, median (IQR) 415.8 (124.4) 335 (188.5) 0.003b

Use of BIPAP, N (%) 5 (41.7) 11 (47.8) 1a

a Fisher’s exact test, two tailed
bMann–Whitney test, two tailed
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(Hobson-Webb et al. 2012). This is also demonstrated in
the animal model of infantile Pompe disease (Bijvoet et al.
1998). An alternative etiology could be the effect on the
autonomic nervous system and peripheral nerves that
innervate the lower urinary tract. Pompe disease does affect
the peripheral nerves, and glycogen may deposit in the
axons, although there is conflicting data (van der Walt et al.
1987; Kobayashi et al. 2010; Fidzianska et al. 2011). The
symptomatology may direct us to study the detrusor smooth
muscle of the bladder, and skeletal muscles of the internal
and external sphincter and the pelvic floor in LOPD, all of
which play key roles in voiding and continence. The first
step is identifying patients who have urinary symptoms and
referring them to the appropriate specialist, urology or
urogynecology, and sometimes gastroenterology for fecal
incontinence. There are treatment options for the myriad of
urinary symptoms that are seen in our LOPD patient cohort.

In addition to describing LUTS and incontinence in this
population, we were also able to look at the impact of these
symptoms on quality of life. Several studies have looked at
QOL in LOPD and have found that it is greatly affected by
the disease state (Hagemans et al. 2004, 2005; Wokke et al.
2008). There is also literature that shows a decrease in QOL
secondary to urinary symptoms within other populations
(Naughton et al. 2004; Basra and Kelleher 2007; Howard
and Steggall 2010). This has not been studied before in
LOPD, but in our cohort, greater than 40% of patients
reported frustration, interference, or bother secondary to
urinary symptoms. This is an important measure that can be
monitored as patients are treated for LOPD and possibly
treated for urinary symptoms. As ERT has been successful
in improving survival in this patient population, QOL
should be an additional primary end point for treatment.
Since the advent of ERT, natural history is emerging and
new aspects of the disease are being recognized, including
other smooth muscle and skeletal muscle involvement and
peripheral nerve involvement.

These data must be interpreted within the context of the
study design. This is a small patient cohort; however, it is
the largest study looking at LUTS and incontinence in the
LOPD population. We believe that this data is generalizable
to this specific patient population. Because this is a cross-
sectional study, we are unable to make any conclusions
about the initiation and role of ERT and relation to urinary
symptoms and incontinence. Further study needs to be done
to collect longitudinal data to study this relationship. More
in-depth evaluation of urinary symptoms by urodynamic
and urologic/urogynecologic evaluation may elucidate
causes of urinary symptoms and incontinence and may be
important in developing treatment options.

Conclusion

This study emphasizes that the spectrum of LOPD is
beyond isolated gross motor involvement with pulmonary
involvement. The prevalence of LUTS and incontinence are
significantly higher in patients with LOPD. Our data
indicates that these problems may be significantly under-
diagnosed and therefore undertreated. The recognition of
these issues in adults with LOPD should be emphasized as
treatments for these problems can significantly improve
quality of life. Further emphasis on the study of the
etiology of LUTS and incontinence in this population is
needed in order to direct future treatment.

Synopsis

This study highlights an underdiagnosed problem in a large
cohort of LOPD patients and describes the prevalence of
urinary symptoms and urinary and fecal incontinence.
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